Active Dust Mitigation Technology for Thermal Radiators for Lunar Exploration 
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ABSTRACT 

Dust accumulation on thermal radiator surfaces planned for lunar exploration will 
significantly reduce their efficiency. Evidence from the Apollo missions shows that an 
insulating layer of dust accumulated on radiator surfaces could not be removed and caused 
serious thermal control problems. Temperatures measured at different locations in the 
magnetometer on Apollo 12 were 38 °C warmer than expected due to lunar dust accumulation. 

In this paper, we report on the application of the Electrodynamic Dust Shield (EDS) 
technology being developed in our NASA laboratory and applied to thermal radiator surfaces. 
The EDS uses electrostatic and dielectrophoretic forces generated by a grid of electrodes 
running a 2 pA electric current to remove dust particles from surfaces. Working prototypes of 
EDS systems on solar panels and on thermal radiators have been successfully developed and 
tested at vacuum with clearing efficiencies above 92%. For this work, EDS prototypes on 
flexible and rigid thermal radiators were developed and tested at vacuum. 

INTRODUCTION 

The thermal conductivity of the lunar regolith is temperature dependent. The efficiency of the 
radiative transfer process between the fine powdery particles of the surficial regolith is 
proportional to the cube of the absolute temperature. Thus, heat flows more readily into the 
surroundings during daylight than at night. Overall, the thermal conductivity of the regolith 
strongly inhibited the flow of energy (Hariand 1999). The powdery regolith is such an 
efficient thermal insulator that, at a depth of 0.5 meters, the temperature remains at a constant 
240 K, unaffected by the diurnal temperature variation from 100 K to 380 K (at the mid- 
northern latitude where the Apollo 17 Heat Flow Experiment took place). The granular 
regolith also prevents heat from the interior of the moon from leaking out, building up below 
the surface. 



which is high flexible and is robust against oxygen attack and serves as the mechanical 
support for a vapor-deposited layer of highly reflective metal. Two metals that are 
commercially available that are vapor deposited onto the FEP are aluminum and silver. 
Ag/FEP has slightly better thermal characteristics but is more expensive. Since silver is prone 
to oxygen attach, an inconel layer is deposited on top of the Ag giving the material a greenish 
tinge. This method is used were painting a spacecraft surface is not feasible. Users simply 
remove a certain amount of Ai/Ag coated FEP from large rolls to cover a section of 
spaceflight hardware that needs thermal protection. 












insulating at room conditions. Water absorption within the paint itself lowers the surface 
resistance from ~1() 12 £3 at high vacuum down to ~10 6 £2 at room conditions which is a six 
orders of magnitude change. Thus it is vital to have a dielectric overcoat on top of the 
electrode pattern to prevent sparking. This top dielectric layer also serves to protect workers 
and personnel from electrical shock during Shield operation. This top dielectric layer can also 
be one of the three polyimide formations mentioned above. 

Once the electrical section of the thermal radiators is complete, the AZ-93 thermal 
paint can be applied. In order to allow the thermal paint to adhere to the polyimide surface, 
AZ Technology recommends the use of MLP-300 AZ primer first. The two-part primer is 
applied and allowed to dry before the application of AZ-93. A complete schematic of the 
finished product is shown below in Figure 1. 











itself to act as the dielectric. Once this determination is made, it is simple manner to transform 
a commercially available radiator material into a self-cleaning dust mitigator. 

There are a couple of methods available to make FEP radiators. The first involves 
applying a thick layer of metal to the surface of the FEP though physical vapor deposition via 
sputter coating or evaporation. Once the layer is deposited the metal must be etched to form 
the grid. The highest success we have had was to use laser ablation form the pattern 
(performed at NASA LaRC). Once the grid is on the FEP, the backside of the material 
requires a solid layer of metal. This layer serves as the electrical ground and at this point the 
radiator could be said to be complete. Although there is no protective outer layer, dust will 
still be removed from the surface upon the application of high voltage to the grid plane. 
Furthermore, the high dielectric breakdown strength of the vacuum should prevent sparking. 
In the case that this is not acceptable an additional thin layer of about 1-2 rails of FEP could 
be applied to the top layer using an autoclave. 

The disadvantage of this approach is that the grid layer may not be as reflective as the 
ground layer. The smoothness of the FEP is what gives the deposited metal its reflective 
properties. Otherwise the amorphous nature of the deposition process makes the aluminum 
and silver grid appear cloudy on the backside. Since thermal performance measurements have 
yet to have been made on these systems, it is difficult to guess whether the performance is 
degraded by this approach. 

A second method to make the FEP radiators is by simply sandwiching two A! or Ag 
coated FEP materials together. The radiator is formed by applying a gridded FEP against a 
non-gridded FEP sample. The aluminum or silver side of the gridded sample is up against the 
FEP side of the grounded sample. The materials are heat pressed together at about 500°F in an 
autoclave. If the transparency of the FEP is not compromised, this radiator would be a highly 
desirable design that does not suffer from optical degradation caused by appearance of the 
backside of the vapor deposited metal layer and it also contains a built-in top layer for 
dielectric protection. Ideally one would prefer this topmost layer to be as thin as possible to 
allow the maximum number of electric field lines to protrude the surface; however this can be 
compensated with by simply raising the voltage on the electrodes. Figure 2 is a schematic 
representation of the FEP radiators. 
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Figure 2. Schematic of the Active Bust Shield FEP Thermal Radiators. 




THERMAL PAINT TESTS 


Several test coupons were built to test a variety of combinations to use with the thermal paint. 
Most were placed on either 3"x5" aluminum coupons (Q-panel Corp.) listed above or 1" 
aluminum disks to prepare for tests in a specialized vacuum chamber. The large coupons were 
easier to work with while the use of small coupons was required since those are the size that 
fit into the chamber. 

There were several dielectric coatings/electrode combinations applied to the test 
coupons. The dielectric coatings consist of 2 or 3 coats of LaRC-SI polyimide, the NASA 
KSC Applied Chemistry Laboratory polyimide or commercial 5 mil Kaptom adhered using 
3M™ Adhesive Transfer Tape. 

The grid material used was copper or aluminum targets that were sputtered on using 
either an in-house sputter coater or provided by the vendor. LaRC used an evaporator to 
deposit metals on their LaRC-SI coatings. To make the grid patterns, samples made at KSC 
were either masked during sputtering or patterned and chemically etched. LaRC used a 
photolithography process to provide a positive mask on their samples prior to chemical 
etching. The grid patterns were typically 2 mm spacing or 4 mm spacing. The trace width was 
nominally 300 pm (0.3 mm). 

The choice of the top layer varied considerably since according to the manufacturer, 
the AZ-93 paint should adhere to metallic surfaces and possess very well insulating electrical 
properties. To satisfy this requirement, several radiators were fabricated using the metal 
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placement of the AZ-93 thermal painted samples inside either the dry box with relative 
humidity less than 1% or in high vacuum (IQ' 6 torr) removed moisture from the samples. 

Preliminary dust removal tests were performed on the AZ-93 painted coupons. About 
50 mg of 50-100 pm sized JSC-1 A dust was placed on top each sample while inside a vacuum 
chamber. A large 2'x3' vacuum chamber was pumped down to about 5x1 O' 7 kPa using a 12" 
turbo molecular pump. The high voltage electrode of each radiator was connected through a 
feedthrough to a high voltage amplifier (Trek Model 10/1 OB) with input provided by a 
function generator and monitored using an oscilloscope (Sony Tektronics TDS 3052B). The 
standard testing procedure consisted of running the radiators at 1 kV using a square waveform 
at 10 Hz. The voltage would be stepped up by 500 volt increments and the resulting dust 
motion would be noted by visual means through a quartz viewport. Figure 3 shows a painted 
dust shield after dust removal at 2 kV. 



Figure 3. Electrodynam !c Dust Shield on Kapton® substrate painted with AZ-93 paint 
after dust shield activation at 5xl0' 7 kPa. 

The electrodes on the initial painted dust shields were built on a layer of Kapton 1 2 
mils thick. The narrow thickness of this layer prevented the application of AC signals stronger 
than 2 kV, thus limiting the dust removal efficiency. Current designs now in production with 
Kapton® coatings 10 to 20 mils thick have withstood larger potentials and shown 
performances nearing 99%. We will report on those results in the near future. 

CONCLUSIONS 

The Electrodynamic Dust Shield is being developed to protect thermal radiator surfaces to be 
used in manned lunar exploration activities. Dust shields were constructed for two main types 
of thermal radiators. Both types involved the implementation of the dust shield on a metallic 
surface, a design that had not been required for earlier versions of the dust shield. For the first 
kind, dust shield electrodes were placed under the AZ-93 thermal coating that will provide the 
thermal control for solid metallic surfaces. For the second type, dust shield electrodes were 
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